Introduction {#sec1}
============

The progression of patients with osteonecrosis of femoral head (ONFH) with an insidious onset usually deteriorated further and eventually led to joint collapse and hip osteoarthritis [@bib1]. Ischaemia was a significant pathological feature of necrotic lesion in ONFH [@bib2]. It was demonstrated that skeletal angiogenesis and vascularity were interrupted in necrotic tissue, no matter if it is steroid-induced or alcohol-induced one [@bib3]. Femoral head blood flow was greatly reduced once osteonecrosis occurred, and vasoconstriction was usually found on lateral epiphyseal arteries of the femoral head [@bib4]. Currently, the hip preservation surgery is used to provide biomechanical support and, more importantly, induce revascularization or transposition of the necrotic area [@bib5]. Furthermore, in medicine treatment, at an early stage of ONFH, a single-centre study with a 3-year follow-up was conducted. An activating blood and dredging collaterals nourishing herbal formula (multiherbal components) method was clinically tested for its efficacy in alleviating the clinical symptoms and improving the joint function of patients with ONFH with systemic lupus erythematosus [@bib6]. Studies *in vivo* also demonstrated that this formula had a therapeutic effect on ONFH in an animal model [@bib7]. Huo Xue Tong Luo capsule (HXTL capsule) was one of the effective formulas used in the treatment of ONFH at earlier osteonecrosis stage in our clinical centre. HXTL capsule contained seven vasoactive herbal compounds such as cajan leaf [@bib8], *Angelica sinensis* [@bib9], red peony [@bib10], *Ligusticum wallichii* [@bib11], peach kernel [@bib12], *Carthamus tinctorius* [@bib13], and Radix Rehmanniae [@bib14]. All compounds were discovered previously to be effective in promoting angiogenesis of ischaemic tissues. Hence, HXTL capsule was used as a promising formula to eliminate ischaemia in ONFH and promote tissue regeneration, removing obstruction.

Asymptomatic ONFH, known as "silent hip" or no joint collapse femoral head, usually occurred in bilateral ONFH, in which the more seriously affected hip is the contralateral side [@bib15]. However, until now, the current therapies for asymptomatic ONFH remain controversial. Owing to the stability of clinical symptoms during progression, some proposed that asymptomatic ONFH did not require a systemic treatment such as physical therapy or impact graft implant surgery, especially in some patients with small- or medium-sized necrotic lesions [@bib16]. In contrast, some researchers have proposed that aggressive treatments at an early stage are truly important, on account of the dynamic development of clinical symptoms in the vast majority of patients [@bib17]. An oral vasoactive agent is one of the possible selections and might be taken to be a complemental therapy in the early stage of ONFH as we concerned. Hence, our research aims to explore the function of HXTL capsule on the clinical and radiological progression of asymptomatic ONFH and reveal its potential to leverage of level of evidences for wide clinical application of this vasoactive formula for treatment of asymptomatic ONFH.

Methods {#sec2}
=======

Ethics statement {#sec2.1}
----------------

This study was conducted in agreement with the Declaration of Helsinki and had been approved by the ethics board. Informed consent form was obtained from each patient before evaluation. This study is registered at chictr.org.cn (<http://www.chictr.org.cn/showproj.aspx?proj=10829>).

Study participants and inclusion and exclusion criteria {#sec2.2}
-------------------------------------------------------

Fifty-five patients with asymptomatic ONFH were recruited from June 2005 to January 2013. The inclusion criteria were as follows: (1) patients with asymptomatic ONFH diagnosed by physical examination, magnetic resonance imaging (MRI) and X-ray imaging of the hip performed at our institution following a standardized protocol [@bib18] and (2) patients who had not received systemic treatment before. The exclusion criteria were as follows: (1) patients who had undergone previous hip surgery; (2) patients with trauma to the femoral head and neck; (3) patients with severe congenital malformation of the hip joint and (4) patients with any diseases that affect the hip joint including rheumatoid arthritis, ankylosing spondylitis, joint tuberculosis and pyogenic arthritis. A total of 55 patients were enrolled into our study, including 39 men and 16 women with an average age of 36.4 ± 10.1 years (range, 19--61 years). Four patients had bilateral ONFH (a total of 59 affected hips), and 51 had unilateral ONFH. Twenty-nine patients had steroid-induced ONFH, 9 patients had alcohol-associated ONFH and 17 patients had unknown reasons for developing ONFH. They were followed up until their femoral heads were collapsed at the late stage III of Steinberg staging system, or until they were lost to follow-up, passed away or the end of our study in 2017. All patients were followed up for 2--12 years.

Clinical and radiographic evaluations {#sec2.3}
-------------------------------------

At the time of the initial examination, MRI and X-ray imaging of all the patients were evaluated. According to the Steinberg staging system [@bib19], there were 10 hips at stage I disease (MRI evidence of ONFH without radiographic evidence) and 49 hips at stage II disease (radiographic evidence of ONFH without collapse or a crescent sign). Based on the necrosis range classification criteria, there were 7 hips with small lesions (\<15%), 27 hips with medium-sized lesions (15%∼30%) and 25 hips with large lesions (\>30%). According to the Japanese Investigation Committee classification criteria [@bib20], there were 3 hips with type A, 25 hips with type B, 21 hips with type C1 and 10 hips with type C2 necrotic lesions.

All patients underwent clinical and radiographic follow-up evaluations at three-month intervals for the first 2 years and annually thereafter until the time of collapse or for a minimum of 4 years. In particular, pain scores and radiographic progression of collapse were recorded at each follow-up evaluation.

Treatment {#sec2.4}
---------

HXTL capsule was formulated for eliminating ischaemia in the femoral head, promoting tissue regeneration and removing obstruction. Seven herbs were used for formulation, including cajan leaf (main chemical ingredient, flavonoids), tails of *Angelica sinensis* (main chemical ingredient, ferulic acid), red peony root (main chemical ingredients, total paeony glycoside and Radix Paeoniae Rubra), *Ligusticum wallichii* (main chemical ingredient, tetramethylpyrazine), peach kernel (main chemical ingredient, glycoside), *Carthamus tinctorius* (main chemical ingredient, flavonoid), Radix *Rehmanniae preparata* (main chemical ingredient, polysaccharide). All the herbs were decocted and combined before condensing into a thick paste at 30°C and then blended, granulated, dried and finally packed to form an HXTL capsule for oral administration (Institutional approval number: Z20071224).

All patients with asymptomatic ONFH consented to receiving daily oral HXTL capsule at a dosage of one tablet (6 g/day) three times per day. The treatment with our herbal formula was the main part of our protocol, and we evaluated the location of necrosis and bone repair by bilateral hip X-ray in anteroposterior and flog position. To those patients with asymptomatic ONFH, they were permitted to walk at normal weight-bearing, and regular examinations were conducted. To those with painful hip, they were recommended to walk with stick for avoiding weight loading. In our report, there were only five cases (8.5% in 59 hips) suffering with hip pain at their last follow-up and 13 cases (22.0% in 59 hips) with femoral head collapse. In case of pain, these patients were guided to use stick for weight-bearing walking until their pain is relieved.

Control group {#sec2.5}
-------------

We compared the treatment group with an established group of historic controls taken from a peer-reviewed publication with a same baseline [@bib21]. The publication prospectively analysed the fate of untreated asymptomatic ONFH in 81 patients (81 hips) in Chinese population. Glucocorticoids (14.9%), alcohol (48.1%) and idiopathic (37%) were the aetiologic causes of ONFH. The cohort included 81 hips: 55 hips had Steinberg stage I disease, and 26 had stage II; 30 hips had small-sized lesions, 29 had medium-sized lesions and 22 had large-sized lesions; 3 hips had Japanese Investigation Committee type A, 35 had type B, 15 had type C1 and 28 had type C2 necrotic lesions. The mean patient age was 50.5 years, and the mean follow-up was 8.3 years (range, 5--16 years). At the last follow-up, 31 of 81 (38%) patients in the study showed evidence of pain progression, and 26 of 81 (32%) patients had unsuccessful radiographic outcomes.

Statistical analysis {#sec2.6}
--------------------

The data were analysed using SPSS, version 18.0 (SPSS Inc., USA). A *p*-value of less than 0.05 was considered statistically significant. Clinical failure was defined as the occurrence of pain, and radiographic failure was defined as the occurrence of segmental collapse. With collapse of the femoral head as seen on a radiograph as the endpoint, survival for all the enrolled patients was calculated using the Kaplan--Meier method. The differences in the survival distributions were tested with the log-rank test. The presence or absence of pain and radiological progression was recorded as a binary variable. Pain and radiological progression were compared between the two groups using the Chi-square test and Fisher\'s exact test. We performed a multivariate regression analysis using Cox proportional hazards model to identify the independent factors associated with collapse of the femoral head.

Results {#sec3}
=======

In terms of the study\'s primary outcome, 5 of 59 hips (8.5%) were symptomatic, and 13 hips (22.0%) had bone collapse at an average follow-up of 4.38 ± 2.38 years. Compared with patients in the control group, patients taking HXTL capsule showed a significantly decreased rate of pain (31 of 81 hips, 38.3% rate of progression vs. 5 of 59, 8.5% rate of progression, *p* = 0.000; [Figure 1](#fig1){ref-type="fig"}A). Compared to patients in the historical control group, patients taking HXTL capsule still showed a decreased rate of radiographic progression (13 of 59 hips taking HXTL capsule vs. 26 of 81 controls, *p* = 0.000; [Figure 1](#fig1){ref-type="fig"}B).Fig. 1Patients taking a Huo Xue Tong Luo capsule (HXTL capsule; treatment group) and historical controls (control group) with any presenting Steinberg stage osteonecrosis of the femoral head (ONFH) after more than 4 years of follow-up. (A) The treatment group exhibited a significantly lower percentage of cases with clinical pain progression of ONFH than the control group. (B) The treatment group exhibited a significantly lower percentage of cases with radiographic progression of ONFH than the control group.Fig. 1

With the occurrence of collapse as the endpoint, the cumulative rates of survival (with 95% confidence intervals) were 96.6% at 4 years, 90.8% at 5 years, 83.5% at 6 years, 80.2% at 7 years, 72.5% at 8 years and 60.2% at 9 years in our group ([Figure 2](#fig2){ref-type="fig"}A). All five hips that were symptomatic collapsed. The mean interval between diagnosis and collapse was 1.8 years (range, 0.4--4.3 years). The mean interval between diagnosis and the onset of pain was 1.5 years (range, 0.4--2.2 years). Eight of the 13 hips (61.5%) that had collapsed were not associated with pain ([Figure 3](#fig3){ref-type="fig"}). There was no pain or collapse in 43 patients (46 hips) with good function at the last follow-up ([Figure 4](#fig4){ref-type="fig"}).Fig. 2Kaplan--Meier survivorship curve. (A) The cumulative rates of survival (with 95% confidence intervals) are 96.6% at 4 years, 83.5% at 6 years, 72.5% at 8 years and 60.2% at 9 years with collapse of the femoral head as the endpoint. (B) Survival rates according to initial Steinberg stages of osteonecrosis. There were no differences (*p* = 0.607, log-rank test) in survival among hips classified at different Steinberg stages. (C) Survival rates according to the initial extent of the osteonecrosis as determined by magnetic resonance imaging (MRI) using the method of Steinberg et al. (Steinberg et al., 1995). The time to collapse was different (*p* = 0.000, log-rank test) among the three groups. (D) Survival rates according to the location of osteonecrosis. The time to collapse was different (*p* = 0.000, log-rank test) among the three groups.Fig. 2Figure 3A 34-year-old man who received steroid therapy for nephrotic syndrome. (A) Frog-leg lateral radiographs and anteroposterior radiographs show bilateral asymptomatic hips with stage I disease at his initial diagnosis. (B) After taking Chinese medicine for two years, the patient was free from symptoms and had no collapse of the femoral heads bilaterally on frog-leg lateral radiographs and anteroposterior radiographs four and a half years later. (C) Six and a half years later, the patient was free from symptoms and had no radiographic progression of the left femoral head, but collapse of the right femoral head was seen on a frog-leg lateral radiograph, not on an anteroposterior radiograph. (D) MRI image of the suffered hip obtained at his initial diagnosis. (E) Until eight years later, the patient was free from symptoms and had good function. MRI = magnetic resonance imaging.Fig. 3Figure 4A 38-year-old man who received steroid therapy for brainstem encephalitis. (A--C) Anteroposterior radiograph and frog-leg lateral radiograph showing a right asymptomatic hip with stage II disease at his initial diagnosis. The patient took Chinese medicine for two years, and radiographs taken seven years and ten years later showed no progression to collapse of the femoral head. (D) MRI image of the suffered hip obtained at his initial diagnosis. (E) The patient was free from symptoms and had good function. MRI = magnetic resonance imaging.Fig. 4

No differences were observed in survival (*p* = 0.607, log-rank test) among hips classified according to Steinberg stages ([Figure 2](#fig2){ref-type="fig"}B). The survival rates for stage I and II hips were 60% and 81.6%, respectively ([Table 1](#tbl1){ref-type="table"}). Lesion size predicted survival likelihood and duration. The log-rank test showed longer durations (*p* = 0.000) of survival for hips with small- or medium-sized lesions than for hips with large lesions ([Figure 2](#fig2){ref-type="fig"}C). The survival rates for hips with small lesions, medium-sized lesions and large lesions were 100%, 88.9% and 60.0%, respectively ([Table 1](#tbl1){ref-type="table"}). The log-rank test showed longer durations (*p* = 0.000) of survival for hips with type A, B or C1 necrotic lesions than for those with type C2 necrotic lesion ([Figure 2](#fig2){ref-type="fig"}D). The survival rate for hips with type A or B necrotic lesions was 100%. The survival rates for hips with type C1 and C2 necrotic lesions were 76.2% and 20.0%, respectively ([Table 1](#tbl1){ref-type="table"}).Table 1Fate of asymptomatic ONFH according to Steinberg stage, extent and location of necrotic lesion for HXTL capsule-treated patients.Table 1VariablesHipsPainCollapseTotal hips595 (8.5%)13 (22.0%)StageStage I10 (16.9%)2 (20.0%)4 (40.0%)Stage II49 (83.1%)3 (6.1%)9 (18.4%)ExtentSmall (less than 15%)7 (11.9%)0 (0)0 (0)Medium (15--30%)27 (45.8%)2 (7.4%)3 (23.1%)Large (greater than 30%)25 (42.4%)3 (12.0%)10 (76.9%)LocationType A3 (5.1%)0 (0)0 (0)Type B25 (42.4%)0 (0)0 (0)Type C121 (35.6%)2 (9.5%)5 (23.8%)Type C210 (16.9%)3 (30.0%)8 (80.0%)[^2]

There was no association among bone collapse and patients\' age, gender, weight, aetiology of ONFH, length of follow-up or ONFH stage ([Table 2](#tbl2){ref-type="table"}). When all the possible factors were analysed together with a Cox model, the extent of large necrotic lesions (hazard ratio, 3.39; 95% confidence interval, 1.43--16.21) and the location of type C2 necrotic lesions (hazard ratio, 4.12; 95% confidence interval, 2.64--18.91) were risk factors for collapse.Table 2Relationship between the final status of femoral head and various clinical and radiographic parameters for patients with asymptomatic ONFH.Table 2Patient characteristicsNo collapseCollapse*p*Number of hips: 5946 hips (78%)13 hips (22%)---Age (years)36.2 ± 10.736.8 ± 8.10.852Males:females (no.)31:128:40.714Weight (kg)62.4 ± 11.560.8 ± 9.90.628Aetiology (steroid:alcohol:idiopathic) (no.)22:9:1510:1:20.177Follow-up period (years)6.8 ± 2.26.1 ± 1.70.297Stage (I:II) (no.)6:404:90.505Extent (small:medium:large) (no.)7:24:150:3:100.014Location (Type A:B:C1:C2) (no.)3:25:16:20:0:5:80.000[^3]

Discussion {#sec4}
==========

Currently, there is controversy regarding the pivotal issue of whether a trial of conservative treatment or hip preserving surgery should be instituted for patients with asymptomatic ONFH [@bib22], [@bib23]. There is also considerable disagreement about which type of preservation treatment is appropriate for asymptomatic ONFH with no joint collapse [@bib17], [@bib24]. One prospective study proposed that there is no significant difference between the failure rates of simultaneous bilateral core decompression and bone grafting for the asymptomatic side and the contralateral symptomatic side of each patient [@bib22]. These findings demonstrate that both kinds of surgical treatment for asymptomatic ONFH are unpredictable, and conservative therapies seem to be more favourable. Our view is in accordance with previous studies that considered that preventive intervention for asymptomatic ONFH was a necessary action [@bib25]. Owing to the required indications for surgery, it is more reliable and feasible to select conservative treatment under the precondition of indeterminate indications.

Conservative treatment mainly includes weight-bearing restriction, extracorporeal shock wave (ESW) therapy and drug therapy [@bib23]. First, weight-bearing restriction as a stand-alone therapy is inadequate for preventing ONFH progression, but it might be more useful if combined with medical management or surgery [@bib26]. Second, as a safe and noninvasive method of biophysical stimulation, ESW therapy has been shown to promote bone repair in necrotic femoral heads of rabbits through the proliferation and activation of osteoblasts in histomorphometric analysis [@bib27], [@bib28]. Clinically, ESW improves motor function and relieves pain in patients with early-stage ONFH but has limited effects for healing necrosis. Third, previous studies have demonstrated that antiresorptive drugs such as alendronate effectively prevent early collapse of the femoral head in patients with ONFH and delay the time until total hip replacement [@bib29]. In contrast, one randomized controlled trial and one meta-analysis demonstrated that alendronate had no obvious effects on relieving clinical symptoms, reducing disease progression or preventing the necessity for total hip arthroplasty [@bib30], [@bib31]. Similarly, a recent randomized controlled trial illustrated that zoledronate did not prevent collapse of the femoral head during early-stage ONFH or reduce the need for total hip arthroplasty [@bib32]. Only teriparatide was discovered to have greater pharmacological effects than alendronate for treating ONFH and preventing bone collapse [@bib33].

By comparison, Chinese medicine has been long and widely utilized in Asia to improve bone homoeostasis by relieving pain and controlling disease progression in ONFH [@bib34], [@bib35]. As one kind of particular therapy, Chinese medicine with vasoactive function has strong potential to clarify the healing capacity of necrotic bone by promoting angiogenesis in tissues. As mentioned, ischaemia in osteonecrosis is the main feature throughout the whole dynamic pathological process, and a vasoactive agent is efficient for promoting revascularization [@bib36]. Specifically, a vasoactive agent is able to rebuild or promote vascular channel, trigger the active of angiogenesis in necrosis area and improve the potential for bone repair thought the cross-talk of endothelial cells and osteocytes [@bib30]. Hence, a vasoactive agent is one kind of important therapy for ONFH. Here, we explored the administration of a vasoactive herbal formula HXTL capsule with seven powerful herbal compounds, which is a preparation produced by our hospital, and assessed its medical effects on the progression of ONFH.

Our prospective study showed the potential of HXTL capsule to prevent clinical symptoms and the progression of bone collapse progression in treated patients compared with those patients in the historical cohort. We found that most patients treated with daily HXTL capsule did not have worse clinical or radiographic progression of ONFH during short-term to midterm follow-up. The failure rates of clinical and radiographic progression were both lower than those reported in previous studies ([Table 3](#tbl3){ref-type="table"}). In our study, only 5 out of 59 (8.5%) hips were symptomatic, and 13 hips (22.0%) had bone collapse. The rates of clinical and radiographic improvement in the patients in this study were markedly enhanced compared with those of the controls in the historical cohort [@bib21]. In terms of the Steinberg stage classification, one other study suggested that pain occurred in 88% of patients and bone collapse occurred in 73% of patients with asymptomatic hips with Steinberg stage I disease [@bib37]. Jergesen et al [@bib38] reported that 73.7% of asymptomatic hips with Steinberg stage II disease had clinical progression and that 42.1% had bone collapse. In our report, only 20% of hips with Steinberg stage I disease were associated with pain syndrome, and 40% had bone collapse. Approximately 6.1% of patients with stage II disease became symptomatic, and 18.4% had collapse.Table 3Review of the literature regarding outcomes in patients with untreated asymptomatic ONFH.Table 3AuthorsYearNumber of hipsLength of follow-up (years)Symptomatic progression (%)Collapse (%)Kang et al2013682.2755.9Not reportedMin et al2008818.338.332.1Nam et al20081058.5859.0Not reportedHernigou et al20061211491.077.0Hernigou et al20044011.588.073.0Yoshida et al2002244.2529.04.0Jergessen et al1997192.9674.042.0Sugano et al19941495.2Not reported80.5Takatori et al1993320.9Not reported44.0Ohzono et al19921155.25Not reported67.8Our data2017594.388.522.0[^4]

In terms of the possible factors affecting the outcomes of our study, multiple studies have concluded that bone collapse usually occurs in lesions with a larger area of necrosis and a more lateral location of the weight-bearing surface of the femoral head [@bib15], [@bib39]. In Steinberg stage I disease, it has been reported that the risk of bone collapse increases with an increasing necrotic lesion size. The development of pain is also positively related to a 5% area of necrosis for small lesions (\<30% of the area of the femoral head), 46% for medium-sized lesions (30%--50% of the area) and 83% for large lesions (\>50% of the area) [@bib40]. In our study, we measured this relationship by using the Steinberg stage classification [@bib19]. We found that the incidence of pain was low to 0% in patients with small lesions (\<15% of the area of the femoral head), 7.4% for those with medium-sized lesions (15%--30%) and only 12% for those with large lesions (\>30%). While various classification schemes and intervention methods may be used by different researchers, the comparison of results emphasizes the distinguishing use of HXTL capsule for preventing asymptomatic ONFH of any lesion size.

Lesion location is another critical factor and potential indicator of outcome during ONFH treatment [@bib39]. After Sugano first proposed the revised classification system of necrotic lesion location in 2001, most researchers adopted his scheme for evaluating lesion location. If the lesion occupies the lateral portion of the femoral head, it is likely predictive of deterioration of ONFH. Min et al [@bib21] reported that the development of pain in 81 asymptomatic hips was 0% for patients with type A disease, 3% for those with type B, 13% for those with type C1 and 100% for those with type C2, and the incidence of collapse was 0% for patients with type A disease, 0% for those with type B, 13% for those with type C1 and 86% for those with type C2. Our data showed that all patients with type A and type B hips did not develop pain and collapse under treatment with HXTL capsule. Furthermore, the risk of pain and collapse was lower in type C1 lesions than in type C2 lesions (9.5% vs. 30.0% and 23.8% vs. 80.0%, respectively).

Hence, we further confirmed that the extent and location of necrotic lesions are important prognostic factors after the treatment of HXTL capsule. As reported, bone collapse was more likely to occur in hips with large necrotic lesions, but poor outcomes may also be found in patients with medium-sized lesions if the necrotic area involves the lateral portion of the femoral head. Furthermore, we found that in five of 59 asymptomatic hips in patients with ONFH, initial pain was associated with bone collapse within several days. This suggests that the initial pain syndrome in an asymptomatic hip may be suggestive of the risk of bone collapse, even though the mechanism still needs to be elucidated. In these cases, we recommend that physicians evaluate patients immediately after the onset of pain and provide an appropriate Traditional Chinese Medicine treatment to prevent further collapse.

Taken together, our results highlight that the administration of the vasoactive herbal formulas HXTL capsule for patients with the early stages of asymptomatic ONFH can significantly suppress pain and necrosis progression towards joint collapse in short term to midterm. The vast majority of patients who received oral HXTL capsule remained asymptomatic for more than four years. It should also be noted that HXTL capsule administration did not perform well for large lesions with a lateral location. In addition, multicentre prospective studies with long-term follow-up are necessary to elucidate the potential benefits of HXTL capsule treatment in asymptomatic ONFH.
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